natural history of congenital heart defects. Patients for whom these guidelines have been designed should be screened before referral to a pediatric cardiologist. This statement represents recommended guidelines to supplement practitioners in their clinical judgment and is not intended as a standard of care for all cases.
These guidelines are restricted to relatively simple, uncomplicated problems in infants, children, and adolescents. This is because 1) there are more patients with these problems than those with complex defects, and 2) the diversity of the natural history and diagnostic and therapeutic problems associated with complex defects preclude development of widely applicable useful guidelines.
The following guidelines are the consensus of committee members and consultants to the committee guided by results of published outcome studies or, when not available, by current practice patterns. Definition of Type of Murmurs 1. Still's murmur: a low-frequency systolic murmur less than or equal to grade 3/6 in intensity; heard best along left sternal border; normal second heart sound; no click; no diastolic murmur.
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2. Pulmonic flow murmur: a mid-frequency murmur less than or equal to grade 3/6 in intensity; heard best at upper left sternal border; normal second heart sound; no click; no diastolic murmur.
3. Venous hum: a high-frequency murmur of grade 3/6 or less in intensity; best heard in sitting or standing position; best heard at base of the neck or the infraclavicular or supraclavicular area; normal second heart sound; systolic and/or diastolic in timing; abolished by compression of jugular vein, change of head position, or assumption of supine position. 4 . Carotid bruit: grade 3/6 or less in intensity; heard over carotid artery; no associated precordial ejection click; no clinical evidence for aortic stenosis; no diastolic murmur; normal second heart sound.
Algorithm for Asymptomatic Child With a Systolic Murmur
This algorithm is intended to address the evaluation of the innocent murmur of childhood. Since considerable debate among committee members as to whether echocardiographic definition of a small ventricular septal defect was necessary to exclude other conditions that could mimic the physical findings of a small ventricular septal defect or associated problems such as prolapse of an aortic valve cusp. After considerable discussion, it was decided to construct the algorithm for patients with a small ventricular septal defect in whom an echocardiogram had been done. However, the committee recognized that some pediatric cardiologists diagnose a small ventricular septal defect without echocardiographic confirmation of the defect or echocardiographic exclusion of associated problems. The committee agreed that diagnosis and management of patients with a small ventricular septal defect without echocardiographic confirmation was acceptable. Under these circumstances, it is incumbent on the clinician to provide appropriate ongoing evaluation to detect and manage conditions that could mimic the physical findings of a small ventricular septal defect or the problems associated with it. Postoperative Ventricular Septal Defect (Fig 8) The algorithm implies that a history, physical examination, chest radiogram, electrocardiogram, and echocardiogram are performed after surgery and before the patient has entered into this protocol. Exclusion Criteria 1. The patient is symptomatic. 2. A residual ventricular septal defect of any size is detected echocardiographically.
3. The patient has an abnormal chest radiogram. 4. The patient has an abnormal electrocardiogram (except isolated right bundle branch block).
5. The patient has transient perioperative second-or third-degree atrioventricular block.
6. The patient has evidence of persistent postoperative pulmonary arterial hypertension.
7. A left ventriculotomy is used for surgical closure of the ventricular septal defect.
8. The patient has a supracristal outlet or inlet ventricular septal defect. Postoperative Pulmonary Valve Stenosis (Fig 10) The algorithm implies that a history, physical examination, chest radiogram, electrocardiogram, and echocardiographic studies will be performed in the postoperative period before the patient has entered into this protocol. Exclusion Criteria (Fig 11) The algorithm assumes that the patient is referred to a pediatric cardiologist because of an irregular rhythm or symptoms of palpitations. Exclusion Criteria 1. The patient is aged 21 years or older. 2. The patient has a family history of premature (less than 40 years old) sudden death of presumed or established cardiac origin. 3 . The patient has a family history of prolonged QT, interval syndrome.
4. The patient has a family history of cardiomyopathy. 5. The patient has a history suggestive of myocarditis. 6. The patient has a history of syncope, presyncope, or seizures.
7. The patient has a subjective history of sustained tachycardia. 8 . The patient has cardiac symptoms in addition to palpitations. 9 . The patient has undergone a cardiac examination that was designated "abnormal" by a pediatric cardiologist. 10 After further testing and follow-up evaluation, 5 of the 142 patients were thought to have "possible" (2) or "definite" (3) heart disease. The two patients with possible heart disease had ventricular hypertrophy as measured by ECG criteria, and one had a low-normal shortening fraction on M-mode echocardiography. All three patients with definite heart disease had mitral valve prolapse based on a two-dimensional echocardiographic study. Smythe et a12 assessed the results of the initial evaluation by pediatric cardiologists of 161 patients with a cardiac murmur. After the initial history and physical examination, 109 of the 161 patients were thought to have an innocent murmur. In two of the 109 patients, a heart defect was detected by echocardiography: one small muscular ventricular septal defect and one small atrial septal defect. There was some question as to whether the patient with an atrial septal defect had in fact a patent foramen ovale. When the results of these were considered, a defect requiring care that differed from the management of an innocent murmur was ultimately discovered in only one patient (0.3% of the group), who had a small ventricular septal defect for which endocarditis prophylaxis would be recommended.
Geva et a13 reviewed echocardiograms of 50 children who, following physical examination, electrocardiography, and chest radiography, were thought to have an innocent murmur. The echocardiogram was normal in 48 patients, and the other two patients had a bicuspid aortic valve.
Based on these three studies, examination alone would have failed to identify three patients (1%) for whom endocarditis prophylaxis should be recommended. Given the unestablished efficacy of endocarditis prophylaxis and its very low risk in patients with an atrial septal defect, it may not be cost-effective to perform echocardiographic studies in all patients with an innocent murmur to detect the 1% of patients who might require endocarditis prophylaxis.
Patent Ductus Arteriosus
The diagnosis of a patent ductus arteriosus can be made on the basis of a history and physical examination and confirmed by Doppler echocardiography. Cardiac catheterization is necessary only in atypical cases, primarily those in which high pulmonary vascular resistance is suspected.
Complications of a patent ductus arteriosus include infective arteritis, aneurysm of the ductus, congestive heart failure, pulmonary vascular obstructive disease, and calcification of the ductus.4-6 Therefore, the presence of a clinically detectable ductus arteriosus is considered an indication for closure. 7, 8 Postoperative sequelae are uncommon, limited primarily to early postoperative complications of thoracotomy, such as but not limited to wound infection, hemothorax, or recurrent laryngeal nerve injury. Other sequelae include incomplete closure or recanalization. 9 Ostium Secundum Atrial Septal Defect
The natural history of secundum atrial septal defect includes development in adulthood of right ventricular nary vascular obstructive disease. Investigators have found a greater mortality for patients with unoperated atrial septal defect than for normal subjects or patients who have had surgical closure of the defect.10 Although spontaneous closure of an atrial septal defect is uncommon in older children, adolescents, and adults, spontaneous closure between 4% and 39.5% has been observed in infancy and early childhood.11-16 Most investigators agree that spontaneous closure of an atrial septal defect is unlikely after the age of 2 years and very uncommon after the age of 4 years. Thus, the rationale for conservative treatment of asymptomatic patients with secundum atrial septal defects who are younger than 4 years is justified.
Treatment of symptomatic patients with secundum atrial septal defects in infancy is controversial. Some investigators have demonstrated spontaneous closure of atrial septal defects in infants who had congestive heart failure.11,13 Whether it is better to surgically close an atrial septal defect in an infant with congestive heart failure or to treat these patients with anticongestive therapy is unclear. For this reason, these patients are not considered in this algorithm.
Little is known about the fate of asymptomatic patients with a small atrial septal defect. The incidence of small atrial septal defects is unknown, and it is difficult to distinguish a "small" atrial septal defect from a "large" patent foramen ovale. In one study of small atrial septal defect, progression of the left-to-right shunt occurred in 15% of patients, and spontaneous closure occurred in 11.5%.14 An additional risk of a small atrial septal defect (or a patent foramen ovale) is paradoxical embolization and stroke. Certainly it seems reasonable to close atrial septal defects if the left-to-right shunt becomes progressively larger. For these reasons the algorithm provides for continued follow-up evaluation of these patients. The efficacy of closing an atrial septal defect (or patent foramen ovale) in a patient who has had an unexplained stroke is unknown. However, the algorithm allows the clinician to elect that course of treatment.
Continued long-term follow-up of patients who have had operative closure of an atrial septal defect seems reasonable to detect the onset of new arrhythmias.17 In one study, 2% of patients with an atrial septal defect had arrhythmias before surgery, but 23% had them 0. Specific surgical and dental procedures needing coverage and the antibiotic regimens recommended by the AHA are given in reference 31. contractions to exclude these relatively rare problems is unclear. For these reasons, echocardiography and 24-hour ambulatory ECG monitoring are Class II tests. A thorough past medical history and family history are essential in the evaluation of these patients to alert the clinician to potentially important conditions. Other Considerations
Many patients with congenital cardiac defects require prophylaxis for bacterial endocarditis when undergoing certain surgical and dental procedures (the Table) . The AHA has made specific recommendations concerning antibiotics.31
Few patients with congenital heart defects are ever truly "cured." Recommendations for endocarditis prophylaxis, sports participation, and genetic counseling change as new information is acquired. Ongoing contact with patients is necessary to communicate these changes to them. Maintaining contact with many patients over a long period of time is difficult. It is logistically impossible for health providers alone to ensure that this contact is maintained. Many patients will eventually be followed up by an internist cardiologist. It is important that internist cardiologists have a sufficient level of expertise and experience to follow these patients into their adult years.
